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To evaluate the pathological and clinical course differences between bucillamine‑induced membranous 
nephropathy (BCL-MN) and primary membranous nephropathy (p-MN). This retrospective cohort study 
included 29 BCL-MN patients and 98 p-MN patients at two hospitals from 2000 to 2019. We compared 
the kidney biopsy findings and clinical course between the BCL-MN and p-MN groups, focusing on 
pathological differences, proteinuria relapse rates, and 30% or greater decrease in the eGFR. While 
kidney function and proteinuria levels were similar, histopathological differences were observed. BCL-
MN group showed less spike formation in LM and more stage I cases. IgG1 was predominant in BCL-MN 
group, contrasting with IgG4 in p-MN group. BCL-MN group had significantly higher prevalence of 
segmental subepithelial deposits (66.7% vs. 24.7%, p < 0.001) and para-mesangial deposits (61.5% 
vs. 18.1%, p < 0.001). Notably, foot process effacement in areas without dense deposits was more 
common in BCL-MN (96.3% vs. 4.6%, p < 0.001). Clinically, the majority of patients in the BCL-MN 
group experienced proteinuria resolution after 1 year of drug discontinuation alone, and there was 
no progression of renal function decline. BCL-MN differs from p-MN both histologically and clinically, 
which may be related to the mechanism induced by BCL.
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DMARDs	� Disease-modifying antirheumatic drugs

Membranous nephropathy (MN) is characterized by granular deposition of IgG in the glomerular basement 
membrane (GBM). IgG subclass evaluation helps differentiate primary from secondary MN (s-MN), with IgG4 
predominance being a feature of primary MN1. Beck et al. identified the M-type phospholipase A2 receptor 
(PLA2R) as a podocyte antigen marker for primary MN (p-MN)2. Moroni et al. reported that secondary MN 
is caused by infections, drugs, and malignancies, with predominant IgG1, IgG2, and IgG3 staining rather than 
IgG4 staining. Drug-induced MN is often reversible upon discontinuation of the offending agent, with complete 
recovery of renal function in many cases3, and gold and D-penicillamine, which are used for rheumatoid arthritis 
(RA) treatment, are known to cause drug-related s-MN4. Nagahama et al. first reported that bucillamine (BCL), 
which is widely used in Japan for RA, also causes s-MN5. They noted IgG1 predominance, low spike formation 
frequency, localized IgG staining via immunofluorescence (IF), and early stage MN with segmentally distributed 
subepithelial dense deposits via electron microscopy (EM). Regarding the clinical course characteristics of BCL-
MN, Hoshino et al. reported that discontinuing BCL is the most effective intervention, whereas prednisolone 
or other immunosuppressants may not be effective6. Although the frequency of BCL-MN is reportedly high 
in Japan, detailed information on its pathological evaluation and long-term prognosis compared with those of 
primary MN is lacking7,8.

In the present study, we compared the pathological features and clinical outcomes of 29 patients with 
BCL-MM and 98 patients with p-MN via kidney biopsies from two institutions to elucidate their distinctive 
characteristics.

Methods
Study design and population
A retrospective cohort study was conducted to compare the pathological and clinical characteristics of patients 
with BCL-MN and p-MN. Due to the retrospective nature of the study, Toranomon Hospital reviewed waived 
the need of obtaining informed consent. The study included patients diagnosed with MN on initial kidney biopsy 
at Toranomon Hospital (Tokyo, Japan) or Toranomon Hospital Kajigaya (Kanagawa, Japan) between January 1, 
2000, and December 31, 2020. We limited our study to patients diagnosed with MN on initial kidney biopsy. 
Primary MN was confirmed through biopsy findings and the exclusion of secondary causes4. The diagnosis of 
BCL- MN was established based on kidney biopsy findings, coupled with the characteristic clinical course in a 
patient diagnosed with RA, including the onset of proteinuria following BCL therapy5,6. RA diagnosis followed 
the American College of Rheumatology’s 1987 revised criteria9. All the BCL-MN patients were RA patients, 
whereas the p-MN group had no RA patients. The key diagnostic indicators for BCL-MN include proteinuria 
onset following BCL treatment and its resolution upon discontinuation6. The exclusion criteria included cases 
lacking data on age, sex, or IF studies; those with concomitant glomerulonephritis; and those with s-MN except 
for BCL-MN. The majority of the study population, which mainly lived in the Tokyo metropolitan area, was 
under the care of each hospital or its satellite clinics every 1–3 months.

Data collection and variables
Clinical data, including age, sex, body mass index (BMI), the urine protein-to-creatinine ratio (UPCR), and 
RA duration (for BCL-MN), were collected from medical records at the time of kidney biopsy. The nephrotic 
range of proteinuria was defined as ≥ 3.5 g/gCre. The estimated glomerular filtration rate (eGFR) was calculated 
via a Japanese-specific formula10. Hypertension was defined by antihypertensive medication use. The use of 
medications, including renin‒angiotensin system (RAS) blockers, glucocorticoids, methotrexate, and biologics, 
was noted for BCL-MN patients.

Kidney biopsy samples were subjected to standard analysis via light microscopy (LM), IF, and EM11. 
IgG deposition patterns were classified as “diffuse” or “focal”. IgG1/IgG4 predominance was categorized as 
“IgG1 > IgG4”, “IgG1 = IgG4”, or “IgG1 < IgG4”. Multiple pathologists, at least two experts, independently 
evaluated each sample.

The proportion of globally sclerosed glomeruli and the occurrence of segmental glomerulosclerosis were 
assessed. Additionally, we assessed biopsies for the occurrence of segmental glomerulosclerosis. The severity 
of arteriosclerosis was graded as 0 or 1 (Grade 0: intimal thickening < thickness of media; Grade 1: intimal 
thickening ≥ media thickness)12. Tubulointerstitial damage (IF/TA) was graded as follows: Grade 0 (< 10%), 
Grade 1 (10–25%), Grade 2 (26–50%) or Grade 3 (> 50%)13.

GBM alterations were classified into stages I-IV according to the Ehrenreich and Churg criteria14 or on 
the basis of previous reports of patients without EM15. The immunofluorescence intensity in the glomerular 
capillary tufts and mesangial areas was graded as follows: –, ±, 1+, 2+.

Treatment analysis categorized patients on the basis of postbiopsy medication changes. The “no medication” 
group had no new or increased treatments. The “GC” group received new or increased glucocorticoids. The 
“CI” group was given calcineurin inhibitors. This classification allows the assessment of different treatment 
approaches following kidney biopsy.

For prognostic analysis, UPCR was categorized into four grades: <0.3, 0.3–<1.0, 1.0–<3.5, and ≥ 3.5 g/gCr. 
Relapse was defined as initiating or increasing the use of glucocorticoids or immunosuppressants due to increased 
proteinuria. The kidney endpoint was established as a ≥ 30% decrease in kidney function. These criteria allowed 
for a comprehensive evaluation of disease progression and treatment outcomes.

The outcomes
Primary outcome: pathological differences between p-MN and BCL-MN.

Secondary outcomes: Relapse-free and kidney endpoint-free survival rates.
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Data analysis
All patients were categorized into p-MN and BCL-MN groups. Baseline clinical and pathological characteristics 
were summarized using median values with interquartile ranges for continuous variables, whereas categorical 
variables are presented as percentages. For statistical comparisons, Wilcoxon, Kruskal‒Wallis, and Fisher’s exact 
tests were used. The MN stage distribution was analyzed via ordinal logistic regression. Both crude and adjusted 
analyses were conducted, with the latter controlling for time from presentation to biopsy and UPCR. Clinical 
course differences were evaluated by comparing 24-month relapse rates and kidney endpoints. Kaplan‒Meier 
analysis generated survival curves, whereas Cox proportional hazards models estimated HRs and 95% CIs, 
adjusting for sex and proteinuria factors previously associated with relapse risk in p-MN, which may influence 
the relapse rate16,17. Additionally, given the reported associations of sex, age ≥ 60 years, serum albumin < 2.5 g/dL, 
and IFTA with renal prognosis in p-MN17, these variables were included as covariates in multivariate analyses 
of kidney endpoints.

All analyses were performed using STATA software version 16.1 (StataCorp LLC, College Stone, TX, USA).

Results
Study flowchart and selection of the study population
Of the 189 initial patients, 62 were excluded: 11 for lack of IF, 18 for coexisting glomerulonephritis, and 39 for 
s-MN other than BCL-MN. The final analysis included 127 cases: 98 p-MN and 29 BCL-MN. Figure 1 illustrates 
the study flow and population selection process.

Baseline characteristics
Table 1 presents the baseline characteristics of the patients. The median time from presentation to biopsy was 
200 days for p-MN patients and 126 days for BCL-MN patients, with no significant difference between the 
groups. BCL-MN had more females and greater glucocorticoid use, whereas p-MN had more hypertension and 
ACE/ARB use. The UPCR rate and frequency of nephrotic-range proteinuria were not significantly different 
between the p-MN and BCL-MN groups. Serum PLA2R antibodies were tested in 38 patients (38.8%) in the 
p-MN group, with 11 positive results (29.7%). In the BCL-MN group, 6 patients (20.7%) were tested, all of whom 
yielded negative results.

LM findings
LM revealed significant differences in stage distribution between p-MN and BCL-MN patients (Table 2A), and 
BCL-MN patients were predominantly in stage I (72.4%). Ordinal logistic regression indicated that BCL-MN 
had significantly lower odds of being in higher stage categories compared with p-MN (OR = 0.14; 95% CI: 0.05–
0.37; p < 0.001). This association remained significant after adjusting for time from disease onset to kidney biopsy 
and the urine protein-to-creatinine ratio (adjusted OR = 0.11; 95% CI: 0.04–0.27; p < 0.001) (Table 2B). These 
findings suggest distinct pathological progression patterns between p-MN and BCL-MN, with BCL-MN being 
more likely to be at earlier stages. The median percentages of global sclerotic glomeruli were similar in the p-MN 
(9.2%) and BCL-MN (6.5%) groups. The frequency of mild to moderate mesangial proliferation was comparable 
(10% vs. 14%). Most patients in both groups presented with no or mild interstitial fibrosis and tubular atrophy 
(IFTA), with no significant difference in atherosclerotic lesions. However, focal segmental sclerosis lesions were 

Fig. 1.  Flowchart of patient registration.
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significantly more prevalent in the p-MN group (p = 0.022). Figure 2A shows a kidney biopsy sample with PAM 
staining from a patient diagnosed with BCL-MN. This image reveals no spike formation in the GBM. In contrast, 
Fig. 2F depicts a kidney biopsy sample from a patient diagnosed with p-MN, showing spike formation in the 
GBM.

Data are expressed as the median (25–75th percentiles) or number of patients (percentage).

A Primary MN Bucillamine-induced MN P value

Stage < 0.001

 I, n (%) 26 (26.5%) 21 (72.4%)

 II, n (%) 37 (37.8%) 6 (20.7%)

 III, n (%) 33 (33.7%) 2 (6.9%)

 IV, n (%) 2 (2.0%) 0 (0%)

Glomerular lesion

 Global sclerotic glomeruli [%] 9.2 (4.1–20.0) 6.5 (3.2–14.3) 0.23

 Focal segmental sclerosis lesion, n (%) 15 (15.3%) 0 (0%) 0.022

 Spike lesions and/or bubbling, n (%) 74 (75.5%) 12 (41.4%) 0.001

 Mesangial proliferation (absent, mild, moderate, severe), n 31, 58, 9, 0 14, 14, 1, 0 0.245

 Arteriosclerotic lesions (Grade 0, Grade 1), n 92, 6 25, 4 0.235

 IFTA (Grade 0, Grade 1, Grade 2, Grade 3), n 23, 54, 18, 3 7, 18, 4, 0 0.840

B Odds ratio 95% CI P value

Model 1: univariable < 0.001

 Primary MN Reference

 Bucillamine-induced MN 0.14 0.05–0.37

Model 2: adjusted for time from presentation to biopsy and UPCR < 0.001

 Primary MN Reference

 Bucillamine-induced MN 0.11 0.04–0.27

 Time from presentation to biopsy 1.00 0.99-1.00

 UPCR 0.91 0.83–0.99

Table 2.  Light microscopy findings and ordinal logistic regression analysis of stage distribution in 
membranous nephropathy.

 

Primary MN Bucillamine-induced MN P value

Number of patients 98 29

Age, years 66 (54–73) 64 (57–67) 0.390

Female, n(%) 37 (37.8%) 21 (72.4%) 0.001*

Time from presentation to biopsy, days 200 (55–415) 126 (75–196) 0.15

RA duration, years 0 (0–0) 2 (1–10)

BMI, kg/m2 23.6 (21.3–26.2) 22.1 (20.2–23.5) 0.08

Alb [g/dl] 2.9 (2.2–3.4) 2.7 (2.2–3.0) 0.21

eGFR [mL/min/1.73m2] 69.7 (54.5–83.7) 74.9 (59.0–87.3) 0.22

UPCR [g/g creatinine] 2.7 (1.5–5.6) 3.2 (0.9–5.1) 0.60

Nephrotic range proteinuria, n (%) 41 (41.8%) 14 (48.3%) 0.54

U-RBC(> 5/HPF), n (%) 71 (72.5%) 20 (69.0%) 0.72

PLA2R antibody measurement, n(%) 38 (38.8%) 6 (20.7%) 0.07

Positive PLA2R antibody, n(%) 11 (29.7%) 0 (0%) 0.12

Hypertension 58 (59.2%) 10 (34.5%) 0.02*

Medication usage at the time of kidney biopsy, %

ACE/ARB 44 (44.9%) 7 (24.1%) 0.05*

Glucocorticoid 8 (8.2%) 13 (44.8%) < 0.001*

MTX 0 (0%) 3 (10.3%) 0.001*

Biologic agent 0 (0%) 2 (6.9%) 0.009*

Table 1.  Patient characteristics at the time of kidney biopsy. Data are expressed as the median (25–75th 
percentiles) or number of patients (percentage). MN Membranous Nephropathy, RA Rheumatoid arthritis, 
BMI Body Mass Index, UPCR Urinary Protein-to-Creatinine Ratio, PLA2R Phospholipase A2 Receptor, ACE 
Angiotensin-converting enzyme inhibitor, ARB Angiotensin Receptor Blocker, MTX Methotrexate.
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MN: Membranous Nephropathy, IFTA: Interstitial Fibrosis and Tubular Atrophy, UPCR: Urinary Protein-
to-Creatinine Ratio,

IF findings
In one BCL-induced MN patient, glomerular IgG deposition was negative, but spike lesions and subepithelial 
deposits were confirmed by light and electron microscopy. All other MN patients presented with glomerular IgG 
deposition. Table 3A shows the IF findings. The BCL-MN group presented a greater prevalence of segmental IgG 
deposition (43% vs. 1%, p < 0.001; Table 3A) and a greater prevalence of “IgG1 > IgG4” subclass predominance 
(52% vs. 26%, p = 0.027; Table 3B). No significant differences in IgA, IgM, C3, C4, or C1q deposition levels were 
observed between the p-MN and BCL-MN groups. Figure 2B and C, and 1D show kidney biopsy samples from 
a patient diagnosed with BCL-MN, as examined by IF. These images demonstrate a segmental distribution of 
IgG along the GBM, positive staining for IgG1, and negative staining for IgG4. In contrast, Fig. 2G and H, and 
2I present kidney biopsy samples from a patient diagnosed with p-MN. These images show a diffuse distribution 
of IgG along the GBM, negative staining for IgG1, and positive staining for IgG4.

EM findings
Electron microscopy was performed on 74 out of 98 cases (75%) in the p-MN group and 27 out of 29 cases 
(93%) in the BCL-MN group. Table  3C compares the EM features between the groups. BCL-MN presented 
a significantly greater prevalence of segmental subepithelial deposits (66.7% vs. 24.7%, p < 0.001) and 
subendothelial dense deposits (61.5% vs. 18.1%, p < 0.001). Notably, foot process effacement in areas without 
dense deposits was markedly more common in the BCL-MN (96.3% vs. 4.6%, p < 0.001). Conversely, p-MN 
presented a greater prevalence of intramembranous deposits (54.7% vs. 3.7%, p < 0.001) and lucent areas (44.0% 
vs. 7.4%, p = 0.001) compared with BCL-MN. Figure 2E shows an EM image of a BCL-MN kidney biopsy sample, 
which revealed dense segmental subepithelial deposits. In contrast, Fig. 2J presents a p-MN kidney biopsy with 
diffusely distributed dense deposits. These images illustrate the distinct ultrastructural features of BCL-MN and 
p-MN.

Treatment and outcomes
Table 4A shows that fewer BCL-MN patients than p-MN patients received additional glucocorticoid treatment 
(6.9% vs. 25.5%, p = 0.03). However, one year postbiopsy, a significantly greater proportion of BCL-MN patients 
achieved a UPCR of < 0.3 g/gCre (63.2% vs. 35.6%, p = 0.038), as shown in Table 4B.

Fig. 2.  Kidney biopsy specimens from patients diagnosed with both BCL-MN and p-MN. BCL-MN. (A) LM 
shows intact glomeruli, and there is no spike formation in the GBM. (B) IF, IgG shows granular stain along 
the GBM, but the distribution of deposition (arrow) was segmental. (C) IgG1 shows positive staining. (D) 
IgG4 shows negative staining. (E) EM image showing segmental deposition of the subepithelial EDD (large 
arrow). Foot process effacement (red arrow) is observed in areas both with subepithelial EDD (small arrow) 
and without or with a small amount of subepithelial EDD. Primary-MN. (F) LM shows spike formation in the 
GBM. (G) IF revealed diffuse granular deposition of IgG (arrow) in the GBM. (H) IgG1 negative staining in 
the glomeruli. (I) IgG4-positive staining along the GBM (arrow). (J) EM image showing a diffusely distributed 
EDD (arrow) in the subepithelial region of the GBM.
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Prognostic analysis
Relapse-free survival rate and kidney endpoint-free survival
K‒M survival curves revealed significant differences in relapse-free survival rates between the BCL-MN and 
p-MN groups. The 24-month relapse-free survival rate was greater in the BCL-MN group (55.3% vs. 40.5%, 
p = 0.02) (Fig.  3A). However, the difference in kidney endpoint-free survival rates at 24 months was not 
statistically significant (BCL-MN: 73.5% vs. p-MN: 70.1%, p = 0.34) (Fig. 3B).

Table 5A shows the hazard ratio (HR) and 95% confidence interval (CI) for relapse in BCL-MN patients 
compared with p-MN patients. The unadjusted HR was 0.09 (95% CI: 0.01–0.69), indicating a significantly lower 
relapse risk in patients with BCL-MN. After adjusting for known risk factors, the HR remained significant at 0.08 
(95% CI: 0.01–0.60). Table 5B shows the HRs and 95% CIs for the associations between BCL-MN and kidney 
endpoints. Table 5B shows the HRs for the kidney endpoints. The unadjusted HR for BCL-MN was 0.50 (95% 
CI: 0.17–1.45), which was not statistically significant. After adjustment, it remained nonsignificant at 0.55 (95% 

(A) Treatment Primary MN (n = 98) Bucillamine-induced MN (n = 29) P value

No medication, n (%) 66 (67.4%) 25 (86.2%) 0.047

Glucocorticoid, n (%) 25 (25.5%) 2 (6.9%) 0.03

Calcineurin inhibitor, n (%) 22 (22.4%) 2 (6.9%) 0.06

Glucocorticoid + calcineurin inhibitor, n (%) 7 (7.1%) 0 (0%) 0.13

Glucocorticoid + other immunosuppressive drugs, n (%) 1 (1.0%) 0 (0%) 0.59

(B) UPCR grading At the time of Kidney Biopsy One year after Kidney Biopsy

Primary MN Total number 98 87

< 0.3 g/gCre n (%) 3 (3.1%) 31 (35.6%)

P = 0.038
0.3 g/gCre ≦ <1.0 g/gCre 13 (13.3%) 21 (24.1%)

1.0 g/gCre ≦ <3.5 g/gCre 41 (41.8%) 23 (26.4%)

3.5 g/gCre ≦ 41 (41.8%) 12 (13.8%)

Bucillamine-induced MN Total number 29 19

< 0.3 g/gCre n (%) 2 (6.9%) 12 (63.2%)

0.3 g/gCre ≦ <1.0 g/gCre 7 (24.1%) 5 (26.3%)

1.0 g/gCre ≦ <3.5 g/gCre 6 (20.7%) 2 (10.5%)

3.5 g/gCre ≦ 14 (48.3%) 0 (0%)

Table 4.  Treatment for membranous nephropathy after kidney biopsy and changes in proteinuria over time. 
MN Membranous Nephropathy, UPCR Urinary Protein-to-Creatinine Ratio,

 

A: Immunofluorescence

Type of IgG distribution

Primary MN Bucillamine-induced MN P value

Segmental n (%) 1 (1.0%) 12 (42.9%) < 0.001

Diffuse n (%) 97 (99.0%) 16 (57.1%)

total 98 (100%) 28 (100%)

B: Immunofluorescence

Predominance of IgG1 and IgG4 subclasses

Primary MN Bucillamine-induced MN P value

IgG1 > IgG4 n (%) 25 (25.5%) 15 (51.7%) 0.027

IgG1 = IgG4 n (%) 29 (29.6%) 4 (13.8%)

IgG1 < IgG4 n (%) 44 (44.9%) 10 (34.5%)

Total 98 (100%) 29 (100%)

C: Electron microscopy Primary MN Bucillamine-induced MN P value

Number of patients 74 27

Segmental subepithelial deposits, n(%) 18 (24.7%) 18 (66.7%) < 0.001

Intra-membranous deposits, n(%) 41 (54.7%) 1 (3.7%) < 0.001

Lucent, n(%) 33 (44.0%) 2 (7.4%) 0.001

Para-mesangial deposits, n(%) 13 (18.1%) 16 (61.5%) <0.001

Focal sub-endothelial dense deposits, n(%) 6 (8.1%) 4 (14.8%) 0.45

Foot process effacement in areas with dense deposits 53 (98.2%) 26 (96.3%) 0.61

Foot process effacement in areas without dense deposits 2 (4.6%) 26 (96.3%) <0.001

Table 3.  Pathological characteristics of patients included in this study with membranous nephropathy 
according to Immunofluorescence and electron microscopy. MN Membranous Nephropathy.
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CI: 0.18–1.66). The only significant risk factor for kidney endpoints was serum albumin < 2.5 g/dL (HR: 2.69; 
95% CI: 1.25–5.78; p = 0.01).

Discussion
This study revealed pathological and clinical course differences between BCL-MN and p-MN patients and 
compared their clinical outcomes directly. These findings provide new insights into the distinctions and 
prognoses of these conditions.

Moroni et al. suggested that s-MN represents an early stage of MN, as proteinuria emerges during the 
progression of the underlying disease, enabling early detection of kidney involvement4.

Nagahama et al. analyzed BCL-MN in six RA patients and revealed early-stage lesions with minimal spike 
formation, segmental subepithelial dense deposits, segmental IgG deposition, and IgG subclass staining beyond 

(A) Relapse

Model 1 (Crude)

Variable Reference HR (95% CI) P value

 BCL-MN p-MN 0.09 (0.01–0.69) 0.02

Model 2

 Variable

 BCL-MN p-MN 0.08 (0.01–0.60) 0.01

 Sex Female 0.62 (0.31–1.23) 0.17

 Proteinuria 1.27 (0.79–2.06) 0.33

(B) Kidney endpoint

Model 1 (Crude)

Variable Reference HR (95% CI) P value

 BCL-MN p-MN 0.50 (0.17–1.45) 0.20

Model 2

 Variable

 BCL-MN p-MN 0.52 (0.18–1.55) 0.24

 Sex Female 1.71 (0.74–3.93) 0.21

 Serum 
Alb < 2.5 g/
dl

2.69 (1.25–5.78) 0.01

 Age over 
60 1.43 (0.61–3.36) 0.41

 IFTA 0.74 (0.42–1.29) 0.28

Table 5.  Crude and adjusted risk of relapse and kidney endpoint.

 

Fig. 3.  Prognostic analysis. (A) Kaplan‒Meier survival curves for the relapse-free survival rate in the p-MN 
and BCL-MN groups. (B) Kaplan‒Meier survival curves for kidney endpoint-free survival rates in the p-MN 
and BCL-MN groups.
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IgG4. These characteristics, which are atypical in p-MN, are considered indicative of s-MN5. Additionally, Kaga 
et al. compared 12 p-MN cases with 6 BCL-MN cases via immunofluorescence. They reported IgG4 deposition 
in p-MN, whereas both IgG4 and IgG1 deposition was detected in BCL-MN18. Despite these insights, few large-
scale studies have examined the pathological distinctions between BCL-MN and p-MN. This gap in research 
highlights the need for more comprehensive investigations to better understand these conditions.

In this study, LM revealed no significant differences in mesangial proliferation between p-MN and BCL-
MN. However, BCL-MN showed fewer focal segmental glomerulosclerosis lesions and spikes, with a higher 
frequency of early-stage cases, independent of disease duration and proteinuria levels. This greater prevalence 
of early-stage cases in patients with BCL-MN persisted even after adjusting for disease duration and proteinuria 
levels, suggesting a potentially distinct pathophysiology compared with that in patients with p-MN. IF 
studies demonstrated mild IgG deposition with frequent segmental capillary loop distribution in BCL-MN. 
Additionally, BCL-MN exhibited a predominant “IgG1 > IgG4” pattern compared to p-MN, suggesting distinct 
pathophysiological mechanisms between drug-induced and primary forms of MN.

p-MN is characterized by IgG4 dominance and PLA2R antibodies, while s-MN associated with autoimmune 
diseases and hepatitis typically shows IgG1-dominant deposits, as demonstrated in 60% of s-MN cases19. 
Although this report does not include BCL-MN cases, Our findings may suggest that BCL-MN shares pathogenic 
features with s-MN associated with autoimmune diseases and infections, rather than p-MN. Notably, in the 
present study, no PLA2R antibody-positive cases were observed in the BCL-MN group.

We noted that, compared p-MN, BCL-MN showed segmental distribution of deposits. While foot process 
effacement in p-MN occurs near diffuse subepithelial deposits, BCL-MN demonstrated extensive effacement 
even in areas with minimal or no deposits. Based on mouse model evidence showing BCL’s direct effect on 
podocyte foot processes20, these findings suggest that BCL may induce both immune complex formation and 
direct podocytopathy in humans.

Numerous target antigens for MN, such as PLA2R, THSD7A, and NELL-1, have become relatively accessible 
in pathological diagnostics21. Recently, Miyazaki et al. reported that among four cases of NELL-1-positive 
membranous nephropathy associated with RA, three cases were induced by BCL therapy22. Although NELL-1 
staining was not performed in our study, our findings were consistent with their report in that two out of three 
BCL-MN cases showed segmental distribution of deposits, and proteinuria decreased after BCL discontinuation 
in two cases. NELL-1 staining in BCL-MN cases remains a future research priority.

We performed a comprehensive investigation using widely available, routinely measured, clinically 
applicable methods to differentiate between biopsy-confirmed BCL-MN and p-MN. Our findings demonstrated 
that BCL-MN exhibits distinct pathological characteristics, including segmental IgG deposition, IgG1 subclass 
predominance, and early MN stage even after adjusting for the time of onset. While recently identified target 
antigens show promise as diagnostic markers, they are not yet readily accessible for routine clinical use.

Regarding the clinical course of BCL-MN, Hoshino et al.6 and Obayashi et al.23 analyzed 17 and 10 biopsy-
proven BCL-MN cases, respectively, and both studies reported that all patients achieved proteinuria remission 
without renal function loss after BCL discontinuation. They concluded that stopping BCL was the most crucial 
intervention, suggesting the limited efficacy of immunosuppressants in managing this condition. Our study 
directly compared the BCL-MN and p-MN groups, revealing a significantly greater prevalence of patients 
without medication in the BCL-MN group. Additionally, the frequency of patients with a UPCR < 0.3 g/gCre 
one year post-kidney biopsy was significantly greater in the BCL-MN group. These results support Hoshino et 
al.‘s findings and further elucidate the distinct clinical course of BCL-MN compared with p-MN.

Our study showed higher relapse-free survival compared to the p-MN group, Consistent with previous 
studies6 indicating that BCL discontinuation is the primary effective treatment. Although one patient experienced 
relapse after BCL discontinuation, the absence of kidney biopsy made it difficult to distinguish between BCL-
MN recurrence and coexisting nephritis. The kidney endpoint-free survival rate was not significantly different 
between the BCL-MN and p-MN groups. Serum Alb levels below 2.5  g/dL at biopsy emerged as the sole 
significant risk factor for the kidney endpoint. While previous studies on p-MN prognosis identified age ≥ 60 
years, serum Alb concentration, and IFTA as risk factors24, our research revealed that only the serum Alb level 
was significantly different. Notably, despite 63.2% of BCL-MN cases achieving complete remission within one 
year, kidney endpoint-free survival remained comparable between groups. This observation may be attributed 
to RA itself being a significant risk factor for CKD development25, with methotrexate therapy potentially 
contributing to kidney function deterioration26.

While BCL is commonly used as a disease-modifying antirheumatic drug in RA treatment, comprehensive 
studies comparing BCL-MN with p-MN have been limited. Our study addresses this knowledge gap by analyzing 
a substantial cohort of BCL-MN cases, enabling a thorough comparison of pathological features, treatment 
outcomes, and clinical courses between BCL-MN and p-MN groups. Through extended follow-up periods and 
adequate sample sizes, we provide the first detailed evaluation of relapse rates and kidney prognosis in BCL-MN 
patients. This comprehensive analysis reveals the distinct characteristics of BCL-MN versus p-MN, providing 
the first detailed evaluation of relapse rates and kidney prognosis in BCL-MN patients.

Despite representing the largest comparative analysis of BCL-MN to date, our study has several limitations. 
The relatively small sample size and retrospective design limit the generalizability of our findings. Many cases 
were excluded due to incomplete historical medical records and insufficient IF studies. Additionally, serum 
anti-PLA2R antibody testing was performed in only 38.8% of p-MN and 20.7% of BCL-MN patients, potentially 
affecting our assessment of relapse rates given its known role as a risk factor for disease recurrence. Nevertheless, 
our findings demonstrate distinct histopathological features and clinical courses between BCL-MN and p-MN, 
providing valuable insights that warrant validation through larger prospective studies.
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Conclusions
This review affirmed its distinct characteristics, namely, segmental IgG deposition, IgG1 predominance, early 
MN stage, and a secondary MN course with proteinuria resolution upon drug discontinuation. Compared with 
p-MN patients, BCL-MN patients, despite more often remaining untreated, achieved higher rates of complete 
remission and lower relapse rates. Importantly, long-term kidney outcomes were comparable between the BCL-
MN and p-MN groups. These findings underscore the unique features of BCL-MN in both histopathology 
and the clinical course. However, further research is necessary to validate these observations and elucidate the 
underlying mechanisms responsible for the differences in outcomes between BCL-MN and p-MN.

Data availability
Data are available on reasonable request to the corresponding author.
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